Abstract. We use a numerical model to study the topographic evolution and erosional history of rifted continental margins. The model combines a kinematic description of lithospheric extension ("tectonic model") with a surface processes model that includes short-range hillslope and longrange fluvial transport. The tectonic model pxeAicts the evolution of the lithospheric temperature and strength (elastic thickness) distribution as well as the tectonic uplift through time. This is input into the surface processes model which calculates the degradation of topography and associated 
Introduction
Several rifted continental maxgins throughout the world show a conspicuous escarpment which separates a high elevation interior plateau from a strongly dissected and lowlying exterior area seaward of the escarpment (Figure 1 (Figure lb) . Sampies from close to the basin edge typically have fission track ages younger than the age of rifting and relatively high mean track lengths, indicating that they experienced temperatures > 120øC prior to rifting. Fission track ages usually increase rapidly over the escarpment, while mean lengths first decrease and subsequently increase away from the coastline, indicative of samples exhumed from subsequently lower temperature ranges (Figure 2) . The observed patterns suggest that rocks exposed in the area seaward of the escarpment have been exhumed from depths of 34 km since the onset of rifting. These studies thus support the conceptual models of escarpmem evolution and suggest a "passive" origin for rift margin uplift. (Figure 3) . From the exhumation history we calculate fission track age and length distribution patterns across the margins and compare our predictions with present-day topography and fission track data.
We begin with an outline of the tectonic and surface processes models, followed by modeling experiments carded out to obtain insight into how the interplay between tectonic uplift, erosion, and isostatic rebound affect the evolution of The thermal evolution of the stretched lithosphere is tracked by a finite difference algorithm; vertical motions are calculated by regionally distributing all forces acting on the lithosphere (i.e., thermal forces, forces arising from the kinematic displacements of density interfaces and from erosion and sedimentation) assuming that the elastic thickness of the lithosphere is controlled by the depth to a specified isotherm (here 400 ø C). Therefore the lithosphere retains finite strength during rifting. The dynamic interpretation of such a model has been discussed extensively by, among others, Kooi et al. [1992] and van der Beek et al. [1994] and is outside the scope of the present paper. The model is able to incorporate finite rifting times and depth-dependent stretching factors. Rift margin uplift can thus be generated in two ways: when z c is sufficiently deep, a basin develops that is deeper than the isostatically compensated depth and flexural rift flank uplift is induced; when subcrustal stretching factors larger than crustal ones are adopted, thermally supported uplift is generated. The predicted tectonic uplift and lithospheric strength through time are input into the surface processes model (Figure 3) . Note that the "tectonic" uplift evolution of the flank in this case includes the effects of thermal subsidence and sediment loading within the adjacent basin, i.e., it is the topography the flank would attain in the absence of erosion. 8h ( 
Surface Processes

Controls on Margin Evolution
In the following we assess the importance of the different components of tectonic uplift, erosion, and isostatic rebound in creating topography at elevated rifted margins. We investigate how the relative contributions of regional plateau uplift and flexural rift flank uplift affect the morphologic evolution and f'zssion track patterns of a model rifted margin. Subsequently, we discuss the effects of a different timing of regional uplift with respect to rifting on the resulting topographic evolution and erosion patterns. We now turn to the issue of the timing of uplift with respect to rifting. Figure 6 shows predicted topographic evolution, erosion, and fission track patterns for prerift, synrift, and postrift regional uplift. Uplift is generated in this case by excess mantle thinning (subcrustal stretching factors are twice as large as crustal stretching factors) over a 400-kin-wide area, in order to simulate the effect of active mantle upwelling. Mantle thinning simultaneously reduces the strength of the lithosphere. Because the regional uplift is thermal in nature, it will relax with time. Prerift uplift is assumed to be initiated 30 m.y. before rifting (at 50 Ma), postrift uplift 30 m.y. after it. Additionally, there is ~1 km of flexural rift flank uplift during rifting. The results indicate that it is very difficult to detect prerift uplift phases from fission track data alone. Even for extreme prerift thermal uplift values (~2 kin), prerift erosion is less than 1 km and takes place mainly inland of the present-day escarpment. Erosion patterns and topographic evolution are very similar for prerift and synrdt regional uplift; the resulting patterns of fission track ages across the escarpment are therefore also nearly indistinguishable (Figures 6d and 6e ). Both models VAN 
Modeling Regional Examples
In the following, we use our model to study the evolution of two "real-world" examples: the Saudi Arabian Red Sea margin and the southeastern Australian highlands. For both of these margins a suitable database exists, with onshore and offshore seismic and gravity data constraining the structure of the margin, and extensive fission track control on the exhumation history. In this exercise we concentrate on two questions, regarding the problems posed in the previous section: (1) can we determine the timing of margin uplift with respect to rifting and (2) [1987] suggested that accelerated uplift and erosion may have occurred during the Cenozoic, coinciding with basaltic volcanism within the range.
We have developed a model of lithospheric extension for the southeastern Australian margin in order to test these suggestions and to evaluate whether this approach can discriminate between them. The tectonic model we employ (parameters are given in Table 1) Note that the retreat rate in this case must be much lower than for the Saudi Arabian margin (about a factor 2.5). Maximum erosion is about 2 Ion; as a result, rocks exposed in the exterior area would have experienced peak temperatures not higher than 100øC during rifting. This is reflected in predicted fission track ages that are older than those observed seaward of the escarpment and in mean track lengths that increase monotonically inland from the coastline.
Therefore the present-day high elevation of the southeastern Australian highlands, combined with the erosion rates inferred from the fission track data, seems to suggest that they have been rejuvenated relatively recently. Modeling of the present-day stress field of the Indo-Australian region [Cloetingh and Wortel, 1986] 
Discussion and Conclusions
A critical assumption in the models presented above concerns the rates at which different processes take place. Whereas the rate of tectonic uplift is controlled by the duration of rifting, which can be estimated by studying the field relationships of datable rift-related sediments and magmatic rocks, the rates of surface processes are much more difficult to assess. In the model, erosion rates are controlled by the parameter values ,c and K s Vr, which are essentially unconstmined. An independent check on (longterm and spatially averaged) erosion rates can be performed by comparing them to results of mass balance studies [e.g., Gaffunkel, 1988; Leeder, 1991] and fission track data. 
